The photo-Fenton process is a photochemical process that has proved to be highly efficient in 13 degrading new potentially harmful contaminants. Despite of this, scarce attention has been paid 14 to the development of systematic procedures and optimisation strategies to efficiently operate 15 such a process. The present work aims at investigating the effectiveness of a model-based 16 approach in carrying out the dynamic optimisation of the recipe of a photo-Fenton process, 17 performed in fed-batch mode (reactant dosage).
231
Based on such kinetic and reactor models, and data, the dynamic simulation of the photo-
232
Fenton process was carried out for a preliminary study of the behaviour of the system. It
233
highlights the advantages of conveniently managing hydrogen peroxide dosage and 234 consequently, the potential benefits arising from further investigation on photo-Fenton
The JModelica.org open source platform [Åkesson et al. (2010) ] was selected as the tool to 250 perform the dynamic simulation of the system under study. The simulation environment uses
251
Assimulo that is a standalone Python package for solving ordinary differential equations (ODEs) 252 and differential algebraic equations (DAEs). Among the different supported solvers, we selected
253
the CVode solver to run the dynamic simulation. The CVode [Åkesson et al. (2010) ] is a 254 variable-order, variable-step, multi-step algorithm for solving ordinary differential equations of the Subsequently, the dynamic optimisation of the fed-batch photo-Fenton system was carried out.
265
The first step was the optimisation study focused on the following partial objectives: 
271
This study can be used as a sort of sensitivity analysis. Indeed, first and , and then 13 Finally, the above described partial objectives were gathered in a single objective function 278 proposed in order to perform a more complex optimisation study aiming at finding the optimal 279 H 2 O 2 dosage profile, F(t), and reaction time, that ensure the minimum processing cost while 280 satisfying operational and environmental constraints.
282
The dynamic optimisation problem includes the definition of the system to be optimized, a cost 
305
A direct approach, namely direct simultaneous optimisation method, was applied for solving the 306 dynamic optimisation problem. This method is based on orthogonal collocation on finite and state variables by polynomials, whose coefficients become the decision variables of a very 309 large-scale NLP problem.
311
The dynamic optimisation problem under study was solved by using the same tool adopted to First, the aim of the dynamic optimisation was to study the interaction between and Such 320 interaction affects the process performance, or rather the final TOC removal,
321
Hence, an overview of the best operating conditions to achieve a predetermined was 322 provided, as a tool aiding decision-making.
324
Concerning the photo-Fenton process, a particular trade-off appears. Adding all hydrogen 15 side reactions), which increases the cost of raw materials. Conversely, a slow gradual dosage 327 of a minimum amount of hydrogen peroxide results in an increase of time, which increases 328 operational costs (energy, etc. , are presented in Fig. 3(a) for a fixed reaction time
386
. Final TOC reduction, rises as the initial concentration of H 2 O 2 increases, until a 387 threshold saturation value is reached, and then drops asymptotically. These results are 388 coherent with the experience and the kinetic model and show that too high hydrogen peroxide 389 concentration can revert the process efficiency by increasing the R concentration, which in turn 390 favours the reaction rate of the inefficient second order reactions.
392
The study also shows that by increasing the contaminant load, the peak value of reduces 
396
This result was then confirmed by running a new simulation for the case of [TOC] 0 = 33.32 mM 397 but with an increased value of [Fe 2+ ] 0 (set equal to 0.28 mM ). Results presented in Fig. 3 (b) 398
show that a maximum of about 76% can be attained for an initial value of hydrogen 399 peroxide of 120 mM, so increasing by more than 50% the final conversion.
401
For the pure batch operation (no dosage after t=0) three main conclusions arise: Fig.4 (a) presents the results for the case study A and reveals a peak in the DO concentration at produces a lower performance (lower final TOC removal) compared with case studies A and B.
475
Finally, the results of the last case study are presented in Fig.4 (d 478 profile shows an efficient use of the (insufficient) amount of hydrogen peroxide used (a lower 479 peak that is reached with a significant delay).
481
Consequently, the H 2 O 2 dosage profile is shown to affect the process performance since it 
488
In this regard, the sensitivity analysis was a key point of the present work and relevant 489 considerations can be drawn concerning the more effective way to select the hydrogen peroxide final TOC removal of about 80% can be attained only for a reaction time of 2.5 and 3hh and for
25
Finally, a different optimisation study was performed by defining an economic objective function 624 (see Eq. 23) aimed at determining the addition profile for hydrogen peroxide and the reaction 625 time that optimize the total cost (Eq.23) of a fed-batch photo-Fenton process. For this study, the 626 coefficient accounting for the cost of the reactant was estimated according to current 627 industrial prices while a specific set of values has been investigated for unit cost coefficients 628 accounting for the operational and environmental costs, namely and respectively, and are 629 shown in the following , regardless of the value of the 659 environmental unit cost coefficient. This is due to the greater relevance of the operational cost 660 compared to the environmental cost. Thus, in these cases, the best solution is to avoid the 661 process. Hence, the greater is the environmental cost the greater is the need for TOC removal 662 and so the longer will be the process. Finally, for a same value of the environmental unit cost 663 coefficient, the increase in the operational unit cost coefficient produces a decrease in the 664 reaction time and in the TOC reduction that can be attained. Then, a specific case study among the ones above described has been selected in order to 679 analyze the results in terms of cost functions (€), such as environmental, operational, hydrogen 680 peroxide and total cost functions and in terms of total amount of hydrogen peroxide (mmol) 
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